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® Methoo and apparatus for storing -Don't Care" in a content addressable memory cell. 

© A content addressable memory cell is able to store a state representing "Don't Care", by storing two bits of 
data. The Don't Care" state is indicated by stonng two identical bits corresponding to a predetermined value 
so that the cell indicates a match regardless of the match data. When the cell is not in the -Don't Care" state' 
**o complementary bits are stored, so that the cell indicates a match only when the match data matches the 
state of the first of the two bits. 
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CROSS-* EFERENCE TO RELATED APPLICATIONS 
Montoye, "Content Addressable Memory Cell". Hied July 16, 1992. 
5 BACKGROUND OF THE INVENTION 
1. Reld of the Invention 

This invention relates to content addressable, memory cells and. more particularly to a content 
io addressable memory cell which can store a state representmg "Dent Car*'. 

Z. Description of the Related Art 

•^° tent . * drM * bte mcmoriBS (CAMs) compare a search word with a sei of stored words An 
mdtahon of whether or not the search word malches the stored words is produced for each store £rd I 

mem^te ' * ^ itS wHhin th ° momor > 83 in conventional dig 2 



IS 



A CAM Includes an array ol memory cells arranged in a matrix of rows and columns Each memo™ ~ii 
stores . s,n B le b., o, d.g,tal inlorm-tion. The btts *or,d .n , row o, memory eleZn J constlZ . 1^ 
wort. Dunng a match operation. , search word ot inpui d.,a .s applied ,o a« the rows, end TnTd^"* 
produced for each row as 10 whether or not the search word marches the word stored therein 
orio, -^T^TaM F T 8 '* *"* " 3h0W " ° conv8nti °'" u cell wim match logic, according to me 
™f " ^ , * T°' BS ^ °' *«* Wi,hi0 * * wd W0W - ,n * 8 CAM cell, a storage ce« 10J 

compnses two nverters 101a and lotb connected to iorm a flip-flop. Figure 2 shows a typical Implement" 

s.on^-b-t a ? a ° n ? *~ ^ *i- hi9h - " nd in *« <** ««• » '« 'ow. The 

»™ ?Th com P teme ™ °« ** Bit lines BL and BL are connected » me storage cel. 101 via 

1^Z. ^.K T ranai,,0fS 103 and ,04 - A word Rn8 —iO~tad as W Is connect to the gate 

JoZ^^S."?*" T^' W,endS 0U ' 10 ° ,hflr 061,6 in the Sam0 »° rd '«* Match lotf 102 £ 

STCn * ^ b " Rn "- ma,CK * te h ~ - — d8si <- 8d **,ch 

h.mJS.T?^ I*"! CO " V8 ' ,t,ona, CAM * F '5 U « 1 »»' n«w be described. Bit lines BL and BL have two 
lun«,ons: a readme function and a match function. To perform a read/write function, the wort line wl! 

L L r^ I ,erm,r,0lS 0 ' ,h8 5X0,309 ce " 101 - ° nC8 this connection has been established 

the Wt km* can erther read the state of the s.orage cell, or write e state onto the cell «**>"*ned. 

When the access transistors 103 and 104 are deactivated. Ihe storage cell 101 is isolated from Bi „„h 

t J?^22' 8L r BL CB " ^ '° r ,h °" ^ ,Unrt °" 'tale is a«er£To no of 1 "J 
hnes and rts comp ement is asserted on the other bit line, .t the state ol BL matches the slate of sinna^'a" 

T^lT^rl " ,h0fC " "° ma,Ch - ^ 4,8 P 0 " 811 lo " For e " m P' 8 - «PPo» we wishTche* 
o/h « !L 9h S ' Qnal " PlaCOd ° n * h9 BL ,inB and 8 ,ow si 0" al P^d on BL. H - 8 " is h^h t answer 
102b wil| be on. transistor 102a will be of, (because BL is low), .ransistor 102d win be o« (tecau ITS 

« mat, tt T", ; WC * °" (b6CaUSe ^ • 0U ™ ,Wrninal iS floati "e)- Th -- MV wmtloa! Seating 
^ JLft-'° W - tfanS,S,0,S 1020 a "° 1028 wi " b8 8 «- and transistor, 102d and ,02c «itt be on 
(because both BL and V are high,. Thus, mv will be pulled tow. indicating no match 

. ,-! a 2 thc |! ,0r0 bc SBen • h " t - whori « cc «" wansrstors 103 and 104 ore oil and the storaqe cell 101 is 

50 hi., JUT S ° ar !l: in9 '° r ma,ches ,n a CAM » j » k "ovn in Ihe art to specify "Don't Cere" in one or more 

andlL^! J «M ^. ° ' QUe te ' s P eci, ^» *^ on '' Care" in the search word * to put. both BL 

SStoattnT. ™,°?, nB r a,Ch ,O0 ' C Sh ° Wn F ' BUre " C3n 08 seen that this wou.d result in MV Itoating 
(indicating a mBtch) regardless of the state ot the flip-flop. "oaung 

The technique of specifying "Don't Care" in (he seercn word is useful tor searching lor ranges ot words 

i r P, ', n S !f ,W a " W ° fdS ,a, " nB W|,Wn ,h8 r8 " 08 ">"<™ '0111*1. one migM sptc^ the 
Sl 'T " X " ' 9 P reSe " tS ^ Caf8 ->- Th * «^ch word would ma.cht th^T word 

falling w.thm «he range. Th.s tacnniqu. can generally be used on.y on continuous ranges of w^ds 
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discontinuous ranges require multiple search words. 

The technique of specifying "Don't Care" In the search word is 1o be distinguished from apecifyina 
Don I Care' in the stored data. When 'Don't Cam* is specified In the search word, a storage cell win 
indicate a match regardless of the state of its stored bit. On the other hand, when "Don't Care" is stored in 
the stored data, the cell will indicate a match regardless of the state of the match data. Although rt is known 
in the srt to speafy "Don't Care" in the match data, conventional CAM design does not have the capability 
to specify -Don't Care" in the stored data. This technique is useful in applications where multiple 
discontinuous ranges of words are to be specified. 

SUMMARY OF THE INVENTION 

In accordance with rhe present invention, there is provided a content addressable memory cell which is 
capable of storing a "Don't Care" state in which a match will be indicated regardless of the state of the 
match data. 

This is achieved by providing Iwo storage cells within each CAM ceU. The two storage calls store two 
bits, permitting a total of lour states: 'O". '1 -. -Dont Care", and a fourth state which may be left unused or 
may .nd.cate "Invalid-. The match logic of the CAM is connected to the two storage cells so that when the 
CAM is in the -Don't Care- state, a match will be indicated regardless of the match data 

™ e !? ,urw afld edva " ,a ° M dwcribed in the specification are not aJlinclusive. and particularly, many 
additional features and advantages will be apparent to one ot ordinary skill In the art in view of the drawings 
specification, and claims hereol. Moreover, It should be noted thai the language used in the specification 
has been principally selected for readability and instructional purposes, end may not have been selected to 
delineate or circumscribe the inventive subject matter, resort to the claims being necessary to determine 
such Inventive subject matter. 



BRIEF DESCRIPTION OF THE DRAWINGS 

the K '* * dia ° f8m ° f " C ° ntent addressabl ° memory (CAM) cell, including match logic, according to 
Figure 2 is a diagram of a flip-flop storage cell according to the prior art. 
R 0 ure 3 Is a diagram of the CAM cell of the present invention, which is capable of storing 'Don't Care" 
Figure 4 Is a diagram of an alternative embodiment of the Invention, wherein the CAM cell has match 
(mas independent of the bit lines. 

w DESCRIPTION OF THE PREFERRED EMBODIMENT 

^J'S!!** V 8 ^' T pre,erred embodiments of the present Invention tor purposes of illustration 
!T7k - ~ 8,1 ' eadi,y ™ co ° nlM ,rom ,h « "" towi "0 discussion that alternative embodiments 

«o VZZZZZ T 8th ° dS i,IU9,r8ted h8fe>in m8y emp,0yod withou ' departi "9 «"° P'^lples of 
«o the invention described herejn 

iJflTr '!„? BOr ! t*°" ' S Sh ° Wn 3 dia0ram ° f " pfe,6r,ed ^bodimen. of the current invention. 

Ir.^- 9 V? ' 8nd 302 ' 8f ' US6d ' S, ° raee CC " 301 fltores one bil and P«*"~* 'wo signals, "al" 

TL, V, Wh,Ch /: i ! o f 0 T ,ememS °' 88Ch 0tfl9r - Whi,e Storaoe ce " 302 rtores a seco "° bit and produces 
Signals e2 and b2 . wh.ch are complements of each other. There are two seis of bit lines: Bit lines BL, 

«s and BL, are connected lo storage cell 301 via access transistors 303 and 304. while bit lines BL* and BG 
ere connected to storage cell 302 via access trensistors 305 end 306. The word line W is connected to the 
ga e terminals of all four access uansisiors The match logic 102 is connected to bit lines BL. and BLs As 
tn the prior art. the match logic 1 02 has an output MV. which indicates the presence D f • match 

Each of the signals "ai" and -e2" can be high or low. yielding four possible states for the CAM cell 

so One possible interpretation of the tour stetes is given in the following table: 



Bl 


a2 


Meaning 


Low 


Low 


X (Don't Care) 


Low 


High 


0 


High 


Low 


1 


High 


High 


Unused or Invalid 
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The TO* and "i • slates, where trie storage cells store complementary bits, correspond to the two states 
of a conventional CAM as dasatbed above. The "Don't Care" srate, where the storage cells both store 
"Low", is used when It Is necessary for the CAM to Indicate a match regardless of tho match data. The 
fourth state, where the storage cells both store "High", may be left unused, or rt may be used to indicate an 
invalid bit of data. 

ft is important to not© that tho above table only shows one possible interpretation of the states of the 
CAM; other interpretations, such as one m which High/High indicates "Don't Care- and Low/Low indicates 
"Invalid", are also possible. 

In the embodiment of the invention shown in Figure 3. the readrwriio function operates in essentially the 
same manner as in the prior art, except that two sets of bit lines are used. In particular, the write function 
requires tho input value to be asserted on BU (to be written into cell 301) and hs complement to be 
asserted on BU (to be written into cell 302). When a "Don't Care" is to be written into the CAM cell, both 
BLt and BU are pulled low. The read lunction requires that both BL, and BU be examined, in ordor to 
determine whether the CAM cell contains a valid bit ("0" or "1"). a "Don't Care*, or if applicable an 
ts "Invalid" bit. 

To perform the match function, all four access transistors, 303, 304, 305, and 306, are deactivated. The 
match data is asserted on line BU. and Its complement is placed on BU. If the state of BL* matches the 
state of the CAM cell, the MV signal will float if there is no match. MV win be pulled low. For example, 
suppose we wish to check if the state of the cell is "1". A high signal is placed on the BU line and a low 

20 signal placed on BU. W the CAM cell's state is "1". then "al" will bo high and "a2" will be low (sea the 
table above). Therefore, transistor 102b will be on (because "a!" is high), transistor 102a will be off 
(because BU is low), transistor 102d will be oft (because "a2" is low), and transistor 102c will be off 
(because its source terminal is floating). Thus, MV will float, indicating a match. If the Cam cell's state is 
"0", then "at" will be low and 'e2" will be high. Than, transistors 102b and 102a will be off, and transistors 

25 102d and 102c will be on (because both BU and "a2" are high). Thus. MV wilt be pulled low, indicating no 
match. 

If the CAM cell's state is "Don't Care", then both "a1" and "a2" will be low. Then, transistors 102b and 
102d will both be off, causing the source terminate of transistors 102a and 102c to float. Therefore, no 
matter what signal is supplied on BU and BU. MV will float. As a result, when the cell is In the "Don't 

to Care" state, it will always respond with a match. 

« the CAM cell is in the fourth state, both "a1" and "a2" will be high. Thon. transistors 102b and 102d 
will both be on. causing me source terminals of transistors 102a end 102c to be pulled low. Therefore 
whenever one of the lines BU or BU is asserted. MV will be pulled low. indicating no match. As a result 
when the Cam cell is In this fourth state, it will never respond to match when complementary signals are 

ib supplied on BLt and BU. As mentioned above, this state could be used to indicate an invalid bit of data. 

Referring now to Figure 4, there is shown an alternative embodiment ot the invention. Here, the match 
criteria bits are provided along match lines ML and ML rather than on BU and BL, This embodiment 
Includes the invention described in a U.S. Patent Application filed July 16. 1982 by Montoye for a "Content 
Addressable Memory Cell." In this embodiment, match data may be asserted on the match lines without 

w interfering with read/write operations on the same cell or other cells in the same row. This embodiment 
permits a match operation to be performed in the same dock cycle as a road/write operation, as described 
in that application. 

From the above description, it will bo apparent that the invention disclosed herein provides a novel and 
advantageous apparatus for storing -Don't Care" in a content addressable memory cell The foregoing 

s discussion discloses and describes merely exemplary methods and embodiments of the present invention 
As will be understood by those famihar wtth the an. the invention may be embodied in other specific forms 
without departing from the spirit or essential characteristics thoreol. For example, different forms of the 
storage cells, access gates, or match logic may be used in place of those described in the above 
description and corresponding diagrams Also, the designations "High" and "Low-, as won as -f and "0" 

o may be transposed. Accordingly, the disclosure of Ihe present invention is intended to be illustrative, but 
not limiting, of the scope of the invention, which is set forth in the following claims 

Claims 



ss 1. A content addressable memory cell including a storage portion having at least two terminals lor storing 
two bits of data and for generating a signal on each of the terminals, the first signal corresponding to 
the first bit and the second signal corresponding to the second bit. cheracterized In that the memory 
cell operates in a first state in which the two bits are complementary, and in a second stata in which 
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the two bits are complementary and opposite to their status In the first state, and in a third state In 
which the two bite are identical, for representing -Don't Cam-; In that a reading/writing circuit is 
connected to the terminals of the storage portion for reading data bits from and writing data bits to the 
storage portion; and in that a match detector has a first match Input tor accepting match data, and two 
data inputs each connected to a corresponding terminal of the storage portion, and an output for 
signaling a match when the statue of the first match Input Is the same as the status of the first data 
input, or when the status of the first and second data inputs is identical and corresponds to a 
predefined "Don't Care* signal. 

. The content addressable memory cell according to claim 1. characterised in that the storage ponion 
includes a first storage cell and a second storage cell, each of the storage ceils having a terminal 
corresponding to one of the terminals of the storage portion. 

The content addressable memory cell according to claim 2. characterized in that the match detector 
further includes a second match input for accepting a complement of the match data. 

The conlent addressable memory cell according to claim 3. characterized in the reading/writing circuit 
-includes first access element for selectively accessing the first storage cell and e second access 
element for selectively accessing the second storage cell; in that a first bit line is connected to the first 
access element and to the first match Input and has a first mode for reading from end writing to the 
first storege cell, and a second mode for supplying the match data to the first metch input and in that a 
second bit line is connected to the second access element and to the second match input, and has a 
first mode for reading from and writing to the second storage cell, and a second mode for supplying a 
complement of the match data to ihe second metch input 

The concent addressable memory cell according to claim 4, characterized In that the first access 
element Includes a first access transistor having a source terminal connected to the terminal of the first 
storage ceil, a drain terminal connected to the first bit line, and a gate terminal connected to word line- 
and In that the second access element includes a second access transistor having a source terminal 
connected to the terminal of the second atorage cell, a drain terminal connected to the second bh line 
and a gate terminal connected to the word line. 

The content addressable memory cell according to claim 5. characterized in that the first storage cell 
Includes a first inverter having an Input, and an output connected to the terminal of the first storage cell 
and a second inverter having an input connected to the output of the first inverter, and an output 
connected to the input of the first inverter; and in that the second storage cell includes a third inverter 
having an input, and an output connected to the terminal of the second storage cell and a fourth 
Inverter having an input connected to the output of the third inverter, and an output connected to the 
input of the third inverter. 

The content addressable memory cell according to claim 6, characterized in that the match detector 
includes a match valid line for signaling a match, in that a first transistor has a gate terminal connected 
to the first bit l.ne, a source terminal, and a drain terminal connected to the match valid line- in that a 
second transistor has a gate terminal connected to the terminal of the first storage cell 'a source 
terminal connected to ground, and a drain terminal connected to the source terminal of the first 
transistor: in that a third transistor has a gate terminal connected to the second bit line a source 
terminal, and a drain terminal connected to the match valid line: and in that a fourth transistor has a 
gate terminal connected to Ihe terminal of the second storage cell, a source terminal connected to 
ground, and a dram terminal connected to the source terminal of the third transistor. 

The content addressable memory cell according to claim 3. characterized in that the reading/writing 
arcuit includes a first access element for selectively accessing the first storage cell and second access 
element for select.vefy accessing the second storege cell: In that e first bit line is connected to the first 
access element for reading from and writing to the first storage cell: in that a second bit line is 
connected to tho second access element for reading from and writing to the second storage cell. 

The content addressable memory cell according to claim 8, characterized In that a first match line Is 
connected to the first match input for supplying Ihe match data to the first match inpui: and In thai a 
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second match line is connected to the second match input tor supplying a complement of the match 
data to the second match Input 

10. The content addressable memory coll according to claim 0, characterized in that the first access 
element includes a first access transistor having a source terminal connected to the terminal of the first 
storage cell, a drain terminal connected to the first bit lino, and a gate terminal connected to a word 
line; end in thai the second access element includes a second access transistor having a source 
terminal connected to the terminal of the second siorage cell, a drain terminal connected to the second 
bit line, and a gals terminal connected to the word line. 

11. The content addressable memory cell according to claim 10, characterized in that the first storage call 
includes a first inverter having an input and an output connected to the terminal of the first storage cell, 
and includes a second inverter having an input connected to the output of the first inverter and an 
output connected to the input of the first invener. and in that the second storage cell includes a third 
inverter having an input and an output connected to the terminal of the second siorage cell, and 
includes a fourth inverter having an input connected to the output of the third inverter an output 
connected to the input of the third inverter. 

12. The content addressable memory cell according to claim 11, characterized in that the match detector 
includes a match valid line provided for signaling a match; in that a first transistor has a gate terminal 
connected to the first match line, a source terminal, end a drain terminal connected to the match valid 
line; In that a second" transistor has a gate terminal connected to the terminal of the first storage cell, a 
source terminal connected to ground, and a drain terminal connected to the source terminal of the first 
transistor: In that a third transistor has a gate terminal connected to the second match line, a source 
terminal, and a drain terminal connected to the match valid line; and in that a fourth transistor haa a 
gate terminal connected to the terminal of the second storage cell, a source terminal connected to 
ground, and a drain terminal connected to Ihe source terminal of the third transistor. 

13. A method of checking for matches in a content addressable memory coll including a "Don't Care" 
operating state, characterized in that match data is provided; two bits of data are read from the memory 
cell; a match is signaled if the two bits of data are identical end equal a predetermined state; and in 
that a match Is signaled if the two bits of data are not identical and the match data matches a first of 
the two bits of data. 

14. A method according to claim 13 of storing data in a content addressable memory cell Including a 
"Don't Care" operating state and having first and second storage cells, characterized in that a bit 
corresponding to a predetermined state is stored in the first storage cell if the "Don't Care" state is to 
be asserted, and otherwise storing a first bit of data in the firsl storage cell: and in that a bit 
corresponding to the predetermined state is stored in a second storage cell If the "Don't Care" stale Is 
to be asserted, and othQrwise storing a second bit of data complementary to the first bit of data in the 
second storage cell. 
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